Supplementary material

Derivation of the two-photon focal volume in the presence of aberrations
The single-photon 3D point spread function (3DPSF) is described by: Here, 4 correspond to defocus and 4 ( ) is an artificial defocus that allows to compute the PSF for the plane . The aberrations are represented by the vector = ( 1 , … , ).
The two-photon 3D PSF, also known as the two-photon focal volume, is ℎ 2 .
Definition of the metrics
For two-photon microscopy, the image intensity is given by the 3D-convolution of the 3D PSF ℎ 2 and , the fluorescence efficiency in the sample volume, called hereafter the "object".:
The modal sensorless approach implies the optimization of an image-based metric computed on a transverse scan. One common metric is the total image intensity (Débarre 2009) 
S is the surface of the FOV. A pre-filtering can be applied to the image to enhance some particular structures. In our study, we considered a filter that enhances structures with a given characteristic size. The pre-filtered image for a transverse scan at 0 can be represented by the equation:
For 10µm-size objects like neurons, F is an annular Gaussian centered at frequency 0.1µm -1 with a half width at 1/e of 0.1µm
Then, we can now define another metric, called hereafter pre-filtered image variance, as:
Derivation of the transverse structure independence of M1
The fluorescence intensity for a point � 0 , 0 � of a transverse scan at a depth 0 :
The total image intensity of a XY scan at 0 is given by: 
We recall that the integral of a function is equal to is value at 0, in the frequency domain, of its 
When, ℎ 2 ��� ( ) = ∫ ℎ 2 ( , , ) represents the mean axial distribution of the two-photon focal volume and ̅ ( ) = ∫ ( , , ) represents the mean axial distribution of the object.
Figure S1: Changing the intensity related metric does not remove sample-dependency
Image quality metrics (no detection noise) as function of aberrations Z7 and Z11 (upper and lower graphics respectively) with a 10 bead in-focus and 12 out-of-focus (left and right respectively). The sample dependency can be observed for all metrics. 
